The number, intracellular distribution, and staining characteristics of human hepatocellular peroxisomes that had been made visible by cytochemical staining for catalase were evaluated in biopsies from 75 patients with hepatic, inflammatory, or malignant disease and ten normal individuals. Intensity of staining was found to be proportional to enzymatic activity by microspectrophotometry. Scanning transmission electron microscopy (STEM) image analysis demonstrated an inverse relationship between peroxisomal size and contrast. Peroxisomes were more abundant, and often concentrated in a perinuclear configuration in cholestatic and cirrhotic livers. Decreased peroxisomal staining was common in cholestasis, cirrhosis, hepatitis, and in almost all patients with malignancies, both with and without hepatic metastases.
Introduction
Peroxisomes participate in important physiological functions such as 13-oxidation of fatty acids (1) and synthesis of cholic acid (9) , but very little is known about their role in human disease. Absence of peroxisomes is a feature of the congenital cerebrohepatorenal syndrome of Zellweger (4,7); however, there are only a few studies describing alterations in peroxisomes in more common human hepatic disorders (11, 14) . We have evaluated the distribution, staining intensity, and number of peroxisomes in 85 human liver biopsies (75 with disease and ten controls) that were incubated for catalase activity in a 3,3'-diaminobenzidine (DAB)-H 2 02 medium (11) . Staining density was correlated with enzymatic activity by microspectrophotometry and in seven specimens, was also subjected to scanning transmission electron microscopy (STEM) image analysis.
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Materials and Methods
Livers were classified as "normal" controls when the following conditions were fulfilled: 1) normal by anatomopathological criteria; 2) normal laparoscopy, if performed; and 3) absence of acute symptoms or malignancy. Some patients in this group had uncomplicated gallstones. The diseases examined are listed in Table 1 . Most liver biopsies were taken by aspiration during laparoscopy; the remainder were percutaneous or surgical specimens.
Light microscopy. Biopsies were fixed at room temperature in 4% formol-calcium buffered with cacodylate for at least 24 hr and subsequently incubated for catalase with diaminobenzidine at 45°C (11) . After postosmication 5 .cm cryostat sections were mounted on glass slides in Gurr's water-soluble medium; chopper sections were embedded in Epon and 0.4, 2, and 4 .cm sections were examined.
The number of peroxisomes was counted in light micrographs of 0.4 .cm sections. This technique provides a larger sample of tissue than electron micrographs. Nomarski interference contrast pictures were used; volumes of the parenchymal cells were determined by the point counting method. Periportal and central areas were compared in five biopsies; during counting, care was taken to alternate pictures of the two areas. The significance of the results was evaluated by plotting the mean against the number of photographs.
Animal studies suggest that the evaluation of staining intensity by light microscopy may be influenced by the size of the organelles studied (12) . We have also examined the relationship between enzyme activity and staining intensity by incubating sections of the same human liver in the presence of several concentrations of the catalase inhibitor KCN. The sections were examined in dark-field illumination and the light diffracted by the peroxisomes was measured by a microspectrophotometer (MPV II Leitz). The results were compared to the catalase activities as determined by absorbance measurements of purified catalase stained in the presence of the same inhibitor concentrations. Preliminary data indicate a linear relationship between diffracted light and enzyme activity.
Electron microscopy. Peroxisome diameter and electron density (contrast) were determined by an image analyzing device on STEM images recorded from 1000 A sections as described elsewhere (8) .
Contrast was used as a measure of mass density, reflecting the concentration of cytochemical reaction product of catalase.
Results and Discussion

Light Microscopy
The number, staining intensity, and intracellular distribution of hepatocellular peroxisomes in the majority of diseased specimens, with the exception of uncomplicated fatty livers, differ from those of controls (Table 1) . Modifications of liver cell peroxisomes also occur in patients with extrahepatic malignant and inflammatory diseases. When patients with cirrhosis are classified according to the Child-Turcotte criteria (3), which reflect the functional reserve of the liver, type B cirrhotic livers (5 cases) display more severe peroxisomal changes than type A livers (10 cases) with comparatively good hepatic function.
Intracellular distribution. In normal livers peroxisomes are distributed homogeneously throughout the hepatocyte, but small clusters are common. In many pathological livers there is a perinuclear concentration of peroxisomes. This occurs most often in cirrhotic and cholestatic specimens. The perinuclear distribution is usually seen in a limited area of the section, while the "normal" distribution prevails elsewhere in the same liver, testifying to the heterogeneous structure of diseased livers. Whether the perinuclear concentration represents an increased number of peroxisomes or a shift in distribution of these organelles was determined by counting, a tedious process. An increase in numbers was detected in four such livers. In three additional patients with cholestasis an increase was evident by visual evaluation alone. The perinuclear pattern has also been observed in rats treated with clofibrate or nafenopin, drugs known to induce proliferation of peroxisomes. The changes present in cholestasis may be related to the role of peroxisomes in the metabolism of bile acids (9) . Intralobular distributions. The distribution of peroxisomes in the human liver lobule has not been described (13) . An early finding that peroxisomes in centrolobular rat hepatocytes was nearly twice as abundant as in periportal liver cells (6) has not been reexamined in subsequent investigations (5, 15, 16) . These morphometric studies utilized electron micrographs in which peroxisomes were identified by morphological rather than by cytochemical criteria. Our preliminary studies, which demonstrate the feasibility of performing quantitative studies of peroxisomes in light microscopic prepartions incubated to demonstrate catalase activity, have not shown any consistent zonal preponderance. Peroxisomes were counted in photomicrographs of portal (P) and centrolobular (C) regions in five patients. Controls have not yet been assessed. From 10,687 to 22,272 peroxisomes were counted in each specimen. In three they are more abundant around central "Because biopsies can display more than one abnormal parameter, the actual number of biopsies is smaller than the sum of tabulated parameters 'See also discussion about the relation between numbers and perinuclear pattern. Some of these livers show a discrete periporral mononuclear infiltrate; transaminases may be slightly increased.°H eart failure with hepatomegaly, normal histopathological diagnosis. Including one case of tuberculosis under treatment, liver histopathological diagnosis normal. 1One of these specimens was evaluated by both visual observation and counting.
veins (C/P ratios of 1.08, 1.15, and 1.26); the reverse is true in the other two livers (C/P ratios of 0.63 and 0.87).
Staining intensity.
Decreased staining of peroxisomes is a common occurrence in patients with cholestasis, cirrhosis, hepatitis, cholangitis (25 of 37 cases), and malignant disease, with (10 of 11 cases) or without (10 of 11 cases) hepatic metastasis. Because normal livers show some variation in staining intensity, the weakest control liver was used as the basis for these comparisons. The diminished staining in association with malignancy is consistent with intriguing, but unexplained, biochemical studies that have demonstrated reduced catalase activity in such patients (17) . A reduction in hepatic peroxisomal catalase has also been detected in systemic inflammatory conditions (2).
Electron Microscopy
Diameter and staining intensity are determined by analysis of STEM images of 1,500 peroxisomes in seven specimens incubated for catalase activity. The reduction of contrast in sections incubated in the presence of KCN concentrations that partially inhibit the catalase reaction is in agreement with the hypothesis that such contrast is a function of enzymatic activity. This type of analysis is unique because it is the only available method for measuring enzyme activity in individual organelles. The procedure was employed to compare diameter and contrast of periportal versus centrolobular peroxisomes in one pathological liver. In this specimen, from which no general conclusions can be drawn, there is no zonal variation in organelle diameter; however, contrast is higher in peroxisomes in periportal hepatocytes. The difference is significant even when variations due to section thickness are taken into account. STEM analysis also reveals considerable differences in contrast among peroxisomes within the same hepatocyte. In all livers and cells examined there is a consistent inverse relationship between size and contrast, in which larger organelles are less darkly stained. This was unexpected, because biochemical differences have not been detected in subfractions of rat peroxisomes (10).
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